Background-By 2030, numbers and proportions of older adults with substance-use problems are expected to increase. While risk factors for problem drinking in late life have been identified, it remains unknown whether these factors drive daily drinking among older problem drinkers. This study examined the daily drivers of drinking among problem drinkers, moderated by age, utilizing ecological momentary assessment (EMA).
Introduction
As Baby Boomers (born 1946-1964) age, the number of older adults in the United States will almost double between 2010 and 2030 (Institute of Medicine, 2012) . In this context, both numbers and proportions of older adults with substance use problems are expected to increase (Han et al., 2009) . Unlike preceding generations, prevalence rates of substance use remain high among Baby Boomers as they age (Moore et al., 2009; Substance Abuse and Mental Health Services Administration, 2013) . Thus, there is a growing public health challenge of how to better identify, assess, and treat alcohol and substance use and abuse among this population (Institute of Medicine, 2008 Medicine, , 2012 .
Alcohol remains the most commonly used substance among middle-aged and older adults (Arndt et al., 2011; Moore et al., 2009 ). Middle-aged and older adults who drink more than the recommended guidelines for healthy alcohol consumption (e.g., males < 65: < 14 standard drinks per week, < 4 on one occasion; for males > 65 and females: < 7 standard drinks, < 3 on one occasion (National Institute on Alcohol Abuse and Alcoholism, 2013) are quite prevalent. Among adults 50 and older who completed the 2014 National Survey on Drug Use and Health, 14.9% reported drinking more than these recommended amounts, and 3.7% endorsed criteria for alcohol use disorder (AUD)-a significant increase from 12.5% and 3.0%, respectively, in 2005 (Han et al., 2017) .
Aging-related biological changes in the body and brain that start around age 50 can increase one's vulnerability to the deleterious effects of alcohol (Hanson, 2011; Oslin and Mavandadi, 2009 ). As one ages, there is an increased health risk of drinking with both medical conditions (e.g., hypertension, depression) and associated prescription medications, for which alcohol may be contraindicated (Moore et al., 2007) . These risk factors can lead to loss of independence, increased falls, increased hospitalizations and reduced length and quality of life for these individuals (Moore et al., 2007; Sacco et al., 2015b) . Thus, there is growing urgency to better understand potentially unique aspects of substance use and misuse among those 50 and older compared to their younger counterparts in order to best prevent and treat those at risk for harm (Institute of Medicine, 2008 among this group.
Factors Associated with Older Adult Problem Drinking
Life events and social transitions common in late life are thought to be risk factors for hazardous (greater than recommended guidelines) drinking and AUD in later life . For example, bereavement, ill health, loneliness, caregiving for an ill spouse, forced changes in living arrangements, retirement or loss of occupation are associated with hazardous alcohol use among middle-aged and older adults (Brennan et al., 1999; Center for Substance Abuse Treatment, 1998; Myers and Harper, 2004) . The few treatment-based studies of middle-aged and older adults found continued and/or relapse to hazardous drinking was associated with: depressed mood, loneliness, boredom, stress, sleep problems, and social pressure (Blow et al., 2000b; Carstensen et al., 1985; Dupree et al., 1984; Schonfeld et al., 2000) . Epidemiological studies recruiting from the community or primary care also found that depressed mood, loneliness, boredom, stress, sleep problems, and social factors were predictors or correlates of problem drinking in middle to late life (Adlaf and Smart, 1995; Blow et al., 2000a; Borok et al., 2013; Brennan et al., 1999; Christopherson et al., 1984; Kuerbis and Sacco, 2012; Moos et al., 1990; Moos et al., 2010a, b; Schonfeld et al., 2010) .
While these existing studies provide important foundational knowledge, study limitations prevent generalization to today's middle-aged and older adult population. A majority of studies were not implemented with Baby Boomers, a cohort known to have distinct, more permissive attitudes toward substance use compared to previous generations; and a majority of the treatment study samples were all male (e.g., Blow et al., 2000b) . In addition, all studies excluded constructs central to theories of behavior change and treatment: motivation, self-efficacy (Kuerbis et al., 2013; Morgenstern et al., 2016) , and alcohol salience, defined as the prominence of alcohol cues and/or availability (Witteman et al., 2015) . Given that older hazardous drinkers are suspected to have long entrenched patterns of alcohol use, older adults are thought to have lower motivation, lower self-efficacy, and a lower threshold for responding to alcohol salience (e.g., exposure to drinking contexts) compared to younger counterparts with presumably shorter relationships with alcohol (Center for Substance Abuse Treatment, 1998; Sjoerds et al., 2014) . Past failures among older adults to change behavior may cause differentially low self-efficacy to change patterns of drinking and may then impact motivation to implement behavior change.
Finally, all of the aforementioned studies evaluated risk factors in aggregate-how overall levels of risk factors influence overall levels of drinking. Virtually nothing is known about the day-to-day influences on drinking among middle-aged and older adults. For example, while drinkers aged 50+ with higher levels of depression or loneliness may drink more regularly or heavily, they may be less apt to drink on days when feeling particularly depressed or lonely. Understanding what drives daily drinking for middle-aged and older adults compared to younger adults is important for optimal prevention and intervention. their natural environment" (Shiffman et al., 2008) , in which constructs are assessed daily (or more frequently). While studies using EMA with older adults exist (e.g., Sacco et al., 2015a; Steptoe and Wardle, 2011) , EMA has not been widely used among middle-aged and older adults in relation to alcohol use. Older adults are often excluded from studies focusing on AUD that use EMA due to age-related exclusion criterion or persistent stereotypes that older adults are unwilling or unable to engage with mobile technology .
The Current Study
This study used secondary data analysis to test whether age moderated relationships between daily-and person-level focal predictors (specifically, mood, loneliness, boredom, stress, poor sleep, social factors, commitment not to drink heavily, confidence not to drink heavily, and alcohol salience) and drinking among problem drinkers aged 20 to 73. It was hypothesized that age would significantly moderate the previously identified risk factors for drinking in later life-such that older age would interact with lower mood, greater loneliness, more boredom, more stress, poorer quality sleep, lower pro-drinking social influence, and less alcohol salience to predict greater drinking. It was also hypothesized that commitment and confidence would not impact drinking as strongly for older adults as for younger adults.
Method
Data was collected during a week of baseline assessment prior to the start of a randomized controlled trial with problem drinkers (Morgenstern et al., 2016) . All procedures were approved by the Institutional Review Board.
Participants
Participants seeking treatment to reduce but not stop drinking were recruited using advertising online and in local media. Prospective participants were screened by phone and, if eligible, scheduled for an in-person screening assessment. Participants were eligible if they: (1) were age 18 to 75; (2) consumed an estimated weekly average > 15 or 24 standard drinks per week, for women and men respectively, and (3) had a current AUD. Participants were excluded if they had: (1) a substance use disorder or were regular (greater than weekly) drug users; (2) a serious psychiatric disorder or suicide or violence risk; (3) physical withdrawal symptoms or a history of serious withdrawal symptoms; (4) a legal mandate to substance abuse treatment; (5) social instability (e.g., homeless); (6) a desire to achieve abstinence at baseline; or (7) a desire or intent to pursue additional substance abuse treatment during the treatment period.
Procedures
For the in-person screening assessment, participants were asked to complete a series of standard, global self-report assessments. Afterwards, participants were asked to complete a daily online survey via a smartphone, once in the morning and once in the evening, for the next seven days prior to randomization. Participants were then assessed again at baseline, the point of randomization. No data from the treatment period was included in the present analysis. Kuerbis et al. Page 4 Drug Alcohol Depend. Author manuscript; available in PMC 2019 February 01.
Author Manuscript
Author Manuscript
Author Manuscript 2.2.1 Daily Assessment Procedures-Participants received text message prompts twice each day (morning, evening) asking that they complete an online survey using the web browser on their smartphone. Participants who did not have a smartphone of their own were given one to use for the duration of the study; all but three participants included in the current analysis already owned a smartphone when they entered the study. Participants chose the timing of the prompts to align with their schedules for optimal response rates. Each survey took about 2 to 6 minutes to complete. Compliance rates for the first 7 days were 87.7% and 77.7% for the morning and evening surveys, respectively.
Measures

Person-Level
Assessments-All person level variables were collected at the baseline assessment.
Sociodemographics:
A self-report, demographic questionnaire collected data on age, gender, educational and occupational information, race and ethnicity.
AUD Diagnosis:
DSM-IV criteria for abuse and dependence were assessed using the Composite International Diagnostic Instrument, Substance Abuse Module (Cottler et al., 1989) . A proxy for DSM-5 alcohol use disorder (American Psychiatric Association, 2013) was created by summing abuse and dependence criteria together, excluding the legal criterion from abuse. Number of possible criteria endorsed ranged from 0 to 10.
Daily
Assessments-Focal predictors and drinking outcomes were assessed at the daily level via online surveys. All variables utilized in this study were from the morning survey with the exception of social factors and salience, which were only measured in the evening survey. We used morning data, where possible, given its higher level of completeness.
Drinking Outcomes:
Drinking was assessed by asking, "Did you drink yesterday since your morning survey?" If participants responded "yes", they were asked to report the number of standard drinks of beer, wine, and liquor respectively that they consumed in the last 24 hours. Standard drinks were defined for each category. Participants who responded "no" to the question of whether they drank yesterday were coded as drinking 0 drinks in the prior day. Totals were lagged to align with reports of the focal predictors so that drinking represented what occurred in the following 24 hours (subsequent drinks).
Mood:
Participants were asked "Please click on the item below which comes closest to your mood over the last hour" and presented with responses ranging from 1 "extremely sad" to 8 "extremely happy." Within this spectrum, 4 represented "slightly sad" and 5 represented "slightly happy."
Loneliness:
One item measured loneliness, "In the past hour, how lonely do you feel?" The response set on these items ranged from 0 "not at all" to 8 "extremely." 2.3.2.5 Stress: One item measured stress, "In the past hour, how stressed out do you feel?" The response set on these items ranged from 0 "not at all" to 8 "extremely."
Poor Sleep Quality:
One item asked participants to "rate your sleep quality last night overall." The response set for this item ranged from 1 "very good" to 4 "very bad."
Social Influence:
Participants were asked in the evening, "Are you with people who..." and then were provided a list of potential scenarios, such as "People who you typically drink around" or "You would rather not drink around (e.g., kid, boss)". Participants could respond to more than one option. Each item was then given a point-positive for those scenarios encouraging drinking, negative for those scenarios discouraging drinking. The points were then summed to provide a score of social influence. Scores ranged from −3 to 4.
Commitment:
One item asked participants "How committed are you not to drink heavily (> 5 standard drinks) over the next 24 hours?" The response set on these items ranged from 0 "not at all" to 8 "extremely."
Confidence:
One item asked participants "How confident are you not to drink heavily (> 5 standard drinks) over the next 24 hours?" The response set on these items ranged from 0 "not at all" to 8 "extremely."
2.3.2.10 Alcohol Salience: An item asked: "Please check all that apply about your current location/situation." The response set was included options related to the availability and visibility of alcohol, such as "alcohol is available, and I can see it", "alcohol reminders are visible but alcohol is not available", or "alcohol is NOT available, but it will be in the near future". Participants could select more than one response, and each response was given a point-positive for alcohol being available and/or visible and negative for alcohol not visible or available. Points were then summed to provide a total score. Scores for this sample ranged from −1 to 5.
Analytic Plan
Multilevel models (MLMs) with daily ratings (level 1) nested within persons (level 2) were estimated in SAS 9.4 (SAS Institute Inc., [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . MLMs account for the nonindependence of observations due to nesting, are robust to missing data, and can include random terms to model individual variability (Gibbons et al., 2010; Raudenbush and Bryk, 2002; Singer and Willett, 2003) . These analyses were performed using the GLIMMIX procedure, with a Poisson distribution and log link specified to account for the non-normal distribution of drinking in this sample. For this study, we also tested models using a negative binomial distribution, with consistent results; however, we report results for the models using a Poisson distribution because they provided much better model fit. All models included random intercept terms to allow for individual variability in drinking levels. We also tested random slope terms, and due to poor model fit or lack of significance, they were excluded. An unstructured variance-covariance matrix was specified, and all analyses utilized residual pseudolikelihood estimation. Daily ratings of each of the focal predictors were averaged to create estimates of personlevel averages (i.e., person or grand mean) and daily-level averages within person for each construct. Person-level averages were used as covariates in their respective models to isolate the within-person (i.e., daily) changes in the focal predictors and their impact on subsequent drinking from the between-person changes (Bolger and Laurenceau, 2013) . Subsequent drinking (number of drinks consumed in the immediate 24 hours after the report) was the primary outcome variable. As stated previously, the outcome variable was lagged to align with all the theorized drivers of drinking.
First, age, gender, education, employment, AUD diagnosis, and a variable indicating whether a day was a weekday or not were tested independently as covariates. All but the weekday variable were insignificant (p > .05) and were excluded. Weekday was significant and retained as a covariate for all the models. Next, MLMs tested whether drinking impacted by daily mood, loneliness, boredom, stress, poor sleep, social influence, commitment, confidence, or alcohol salience were moderated by age (entered as a continuous variable), with separate models for each predictor. Where appropriate, significant interactive effects were graphed based on their respective models. All models were re-run with yesterday's drinking as a covariate, and results were equivalent. Models reported here are those without yesterday's drinking as a covariate. All figures were derived from the statistical models.
Results
Sample Description
Tables 1 and 2 present baseline demographics and variables of interest by age. Age ranged from 20 to 73, with a mean of just over 43 years. Problem drinkers over 50 were significantly more likely to be White than younger problem drinkers. Overall, participants were a majority female, well educated, and employed at least part-time. A majority of participants met criteria for current DSM-5 severe AUD. Participants drank heavily in the week prior to treatment, consuming an average of just over three standard drinks per day, with no significant differences between groups. On average, older participants significantly differed from younger adults in that they reported being slightly happier, less lonely, less bored, slightly better quality of sleep, and lower stress than their younger counterparts on a daily basis. They also reported higher amounts of commitment, confidence, and alcohol salience than their younger counterparts. Table 3 shows the results for five models for which there were significant interactions. Age moderated the effects of boredom, poor quality sleep, commitment, confidence, and alcohol salience on subsequent drinks. Consistent with hypotheses, older age and greater boredom yielded greater drinks per day (Figure 1 ). Contrary to hypotheses, Figure 2 demonstrates that older age and poorer quality sleep yield fewer drinks per day compared to younger counterparts who drank more in the context of poorer quality sleep. While drinking was impacted by high person-level commitment equivalently across age, older adults drank more at low commitment compared to younger adults (Figure 3) . Additionally, high daily commitment was not as protective for older adults as it was for younger adults (Figure 3 ).
Focal Predictors of Drinking Moderated by Age
Greater daily confidence and younger age predicted a low level of drinking; whereas consistent with hypotheses, older adults with greater confidence did not reduce drinking as much as younger adults (Figure 4 ). Finally, consistent with hypotheses, drinking for older adults was not as influenced by daily alcohol salience as it was for younger adults ( Figure  5 ).
Discussion
Potentially hazardous drinking (greater than recommended guidelines) among Baby Boomers is high relative to previous birth cohorts and is expected to increase as the population ages. Extant epidemiological and treatment studies suggest problem drinking in middle to late life is associated with depressed mood, loneliness, boredom, stress, sleep problems, and other social factors. This study examined how age impacts these factors' influences on daily drinking habits using EMA via a smartphone among problem drinkers. Findings reveal that prior to treatment, daily fluctuations in mood, loneliness, stress, and social influences were not moderated by age. In other words, these factors effected daily drinking across age equivalently. Both boredom and poor quality sleep were moderated by age, suggesting that greater daily boredom and better overall quality of sleep may be important factors associated with heavier daily drinking among older individuals.
While alcohol salience, commitment and confidence were all moderated by age in generally expected directions, they yielded new information. Older age muted the impact of alcohol salience, commitment and confidence to reduce drinking, suggesting these constructs may operate differently for adults over 50-a group with presumably more long term drinking habits. Older participants may be particularly entrenched in their habits or automatic processes, which remain powerful even in the face of high self-efficacy to change, high motivation, or low alcohol salience. Regardless, findings still suggest that high commitment and confidence are important for reduced drinking, even if their impact are less potent among older adults than for younger adults.
Important findings can be gleaned from this study. This is the first study known to these authors to utilize EMA via smartphones in a sample that included a sizeable proportion of middle-aged and older adult problem drinkers. Compliance rates for daily EMA completion were high for both younger and older drinkers, yet significantly higher for older drinkers on the evening survey than the younger drinkers. Rates indicate that using EMA with this age group is feasible and well received, at least among a group who owned a smartphone. This is counter to existing stereotypes that older adults are not capable or willing to engage with technology but consistent with existing literature on older adult engagement with mobile technology .
in their lives for at least some time. Participants in this study may not rate the alcohol problems they experience as important or as severe as other problem drinkers do. Alternative explanations may be that older adults are not aware of negative affect or stress, such as would be reflected in the EMA, or it may be that participants responded in a socially biased manner.
Implications for Clinical Treatment
These findings have important implications for clinical treatment. Other than boredom, there were no age differences on factors previously identified and targeted as fundamental points for intervention among older adult drinkers (e.g., Center for Substance Abuse Treatment, 2005; Schonfeld and Dupree, 1995) . While factors such as loneliness, mood, and social influence may indeed be important, findings suggest these are not unique to older adults. Instead, findings point to alternative, important differences across age. Many treatments, including motivational interviewing and cognitive behavioral therapy, specifically focus on increasing motivation and self-efficacy. Given that high confidence, high commitment and low alcohol salience among older adults did not reduce drinking at the same rate as for younger adults, treatments may need to be adapted for optimal effect. Without further understanding of the overt (client reported) and covert (automatic processes that occur outside the awareness of the client) factors that drive substance use, treatment efforts will continue to underperform.
Limitations
This study has a number of limitations, and findings should be interpreted accordingly. First, this is a secondary data analysis. Assessments, including the EMA, were not specifically tailored to test for drivers of daily drinking for older adults specifically. Psychometric properties of these single item questions, their performance and validity for this group of participants remains relatively unexplored. Second, generalizability is limited to primarily White problem drinkers who own smartphones. It is entirely possible that a more socioeconomically varied or racially diverse sample might yield distinct findings. Despite its lack of socioeconomic and racial diversity, this is one of the few studies to include this age group and to have a substantial representation of women. Third, pre-treatment data collection was limited to only a seven day period. It is possible that, given more days and thus more data points, distinct patterns might emerge. Fourth, responses from participants may be biased in a positive light; however, given the level at which participants were reporting drinking, this seems unlikely.
Future Research
Future research on older adults and AUD must include varied data collection methods and sampling with greater numbers of participants. Mobile technology should continue to be used to assess drinkers across a spectrum of age, as it demonstrates utility in expanding understanding of how drivers of daily drinking can vary across age group and potentially life stage. In conjunction with greater use of mobile technology, greater understanding of the psychometric properties of EMA is crucial to future research using this methodology, particularly across distinct groups of users. Future analyses should explore how responses to these questions change for this sample over time. For example, loneliness scores may increase as participants go through treatment and raise self-awareness of their emotions. Clearly, research must also expand to include a socioeconomically and racially diverse group, as well as a more heterogeneous group of older adults with a wider age range. Finally, specific efforts should focus on expanding the understanding of how self-efficacy, one of the few mechanisms of behavior change to have consistent support, may operate differently among older adults.
Conclusion
This study underscores the importance of exploring these factors methodically, scientifically, and from a multipronged approach. Unique daily drivers of drinking among middle-aged and older adults remain relatively unidentified, yet findings have important implications for understanding middle-aged and older problem drinkers.
Highlights
• Using smartphones to collect daily data with people 50 and older is feasible.
• Boredom seems to be a particular risk factor for daily drinking among older adults.
• Daily confidence does not reduce drinking among older adults like younger adults.
• Daily commitment does not reduce drinking among older adults like younger adults.
• Older adults do not appear as reactive to alcohol salience as younger adults. Kuerbis et al. Page 13 Drug Alcohol Depend. Author manuscript; available in PMC 2019 February 01.
Figure 1.
Model based expected drinks for daily boredom by age interaction. Model based expected subsequent drinks for person-level and daily commitment by age interactions. Kuerbis et al. Page 16 Drug Alcohol Depend. Author manuscript; available in PMC 2019 February 01.
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Author Manuscript Model based expected drinks for the daily confidence by age interaction. 
Author Manuscript Model based expected subsequent drinks for daily alcohol salience by age interaction. Figure 1 Kuerbis et al. Note: B = parameter estimate; SE = standard error. Daily variables were centered at the individual person-mean. All others were centered at the grand mean. Covariates time and weekday were entered into all models. Models for mood and loneliness show only the insignificant interaction terms. All other variables show the reduced model.
